A survey of leaf soluble amino acids was conducted for four subtropical seagrasses grown at several salinities. Proline functioned as an organic osmoticum in Halodule wrightii Aschers., Thallasia testudinum Banks ex Koenig, and Ruppia maritima L., while alanine functioned in an osmoregulatory capacity in Halophila engelmanni Aschers (Tables I, III , and IV), most individual amino acids remained constant or decreased in concentration on a umol -g-' dry weight basis, as salinity rose. This contrasted with soluble proline which showed a positive correlation with increasing external seawater salinity, rising about 50% between 20 and 32 ppt salinity for all three species, and 100% for Ruppia and 144% for Halodule between 32 and 47 ppt. Assuming that proline is restricted to the cytoplasm (4) and that the cytoplasm occupies only about 10% of the total cell 2Abbreviation: ppt, parts per thousand. 
Early work by Joshi et al. (8) underlies the hypothesis that NH4 assimilation and amino acid metabolism are integrally involved in plant responses to salinity. Their study documented that NaCl shifted the fixation of '4CO2 in the dark from organic acids into amino acids for both spinach and a marine plant, Zostera. Later studies have shown that true vascular halophytes often produce copious amounts of nitrogenous compounds (e.g. proline, betaine), while salt-sensitive vascular glycophytes generally produce carbohydrates (e.g. polyols, sucrose), to counteract the osmotic stress of salt (4, 15, 18) . Kylin and Quatrano (10) considered accumulation of toxic levels of certain amino acids and NH4, resulting from derangement of protein synthesis, as a potential mechanism of salt damage. Such reports suggest that a primary plant response to salinity is in amino acid metabolism, specifically key reactions involved with metabolic regulation of NH4 assimilation.
While seagrasses are among the most salt-tolerant of all halophytic vascular plants (7) , their biochemical responses to salt stress have not been examined. Specific relationships between amino acid contents and osmoregulation are unknown except for Ruppia maritima, where formation of proline has been implicated (2, 16) . Ifthese marine angiosperms in general exhibit predicted correlations between salt-tolerance and amino acid metabolism (4, 18) , then the question arises whether or not amino acid contents also reflect specialized regulatory features of NH4 assimilation. Therefore, leaf soluble amino acids were analyzed in relationship to salinity conditions for five subtropical seagrasses. Regulation of NH4 metabolism under salt stress was subsequently compared for three of the species by following the kinetics of fluctuations in leaf NH4 and amide-N levels. ' (Tables I, III , and IV), most individual amino acids remained constant or decreased in concentration on a umol -g-' dry weight basis, as salinity rose. This contrasted with soluble proline which showed a positive correlation with increasing external seawater salinity, rising about 50% between 20 and 32 ppt salinity for all three species, and 100% for Ruppia and 144% for Halodule between 32 and 47 ppt. Assuming that proline is restricted to the cytoplasm (4) and that the cytoplasm occupies only about 10% of the total cell 2Abbreviation: ppt, parts per thousand. (Fig 1) . These three species were chosen because of the observed differences in amino acid contents and their reported salt-tolerance capacities (12) . Halodule and Thalassia store proline and asparagine, but Thalassia does not possess the salinity tolerance of the hardy Halodule. Halophila, conversely, exhibits a high degree of salt-tolerance, but stores alanine and asparagine.
During the transition from darkness to light (i.e. exposure to light after 11 h night), ammonium and amide fluctuations showed similar trends in Halodule and Thalassia exposed at a moderate salinity (30 ppt) (Fig. 1, A and B) . NH4 initially rose about 50 to 75%, but reached a constant level after 3 h light, while amides (predominately Asn) decreased steadily (about 20-25%) over a 6 h period. When the two species were examined under hypersaline conditions, NH4 levels showed a similar response to low-salinity conditions in Halodule. Thalassia, however, showed a precipitous (10-fold) rise in NH4 and a slightly greater decrease in amides than at lower salinity. Both patterns continued over 6 h.
Halophila differed radically from Halodule and Thalassia in its dark --light transition response (Fig. IC) (17, 18) . While the present study confirms the proline hypothesis for Ruppia (2) and extends it to Halodule and Thalassia, the study also establishes that alanine can serve an osmoregulatory function in Halophila. This constitutes the first report for alanine operating in such a capacity in a plant system, although it has been previously described in certain protozoan and invertebrate osmoregulatory systems (19) . Under normal physiological conditions, leaf NH4 levels are maintained relatively constant in most plants (13) ; and lightinduced accumulation of NH4 is thought to indicate a primary effect on photorespiratory metabolism via the glycine to serine conversion (9, 11) . Differences in NH4 accumulation between species reflect imbalances between rates of NH4 production via the serine transhydroxymethylase reaction and rates of removal by the glutamate synthase-glutamine synthetase route. In Thalassia and Halodule, the reciprocal relationship between NH4 and amide levels upon illumination (rising NH4 and decreasing amides) suggests that NH4 assimilation does not immediately offset photorespiratory NH4 production. However, there appears to be an efficient feedback mechanism in Halodule which operates to bring NH4 production and assimilation back into balance under high salinity.
These results indicate that salinity stress directly affects NH4 content regulation in the seagrasses studied. Although there may be an enhanced photorespiratory mechanism, it is tempting to speculate that a coordinated feedback mechanism related to amino acid synthesis for osmoregulation is also involved. Proline, produced via the glutamate pathway, could tie-up excess NH4 as a result of the biosynthetic requirements of the glutamate dehydrogenase or glutamate synthase-glutamine synthetase reactions (6) . As salinity rises, the decrease in asparagine content in Halodule and Thalassia is consistent with storage of NH4 in some other form, possibly as increased proline. However, in Thalassia under high salinity, the similar change in amides associated with the much more precipitous rise in leaf NH4 compared to Halodule, suggests that amide synthesis is not a salt-sensitive reaction in either species.
Maintenance of high alanine levels in Halophila also seems to correlate with regulation of NH4 content. In Halophila, NH4 production does not normally over-saturate the NH4 assimilatory system, as evidenced by a drop in NH4 content and a rise in amides during illumination. Synthesis of alanine via transamination from pyruvate and aspartate (6) could thus provide a more efficient mechanism than proline synthesis to counteract photorespiratory, as well as salinity-induced, NH4 buildup.
